Preliminary results of winter savory (Satureja montana L.) cultivated under permeable mulch film in dry farming conditions of South Banat by Radanović, Dragoja***dradanovic@mocbilja.rs***Institute for Medicinal Plant Research "Dr Josif Pančić", Department of Agricultural Research and Development*** et al.
Research Article Lekovite Sirovine vol. 38 (2018) 51
Preliminary results of winter savory (Satureja
montana L.) cultivated under permeable mulch film in
dry farming conditions of South Banat
DRAGOJA RADANOVIC´1, ANA MATKOVIC´1, RADA ÐUROVIC´-PEJCˇEV2, TATJANA MARKOVIC´1,
VLADIMIR FILIPOVIC´1, SNEŽANA MRÐAN1,*, AND JOVICA VASIN3
1Institute for Medicinal Plant Research “Dr. Josif Pancˇic´”, Tadeuša Košc´uška 1, 11000 Belgrade, Serbia
2Institute of Pesticides and Environmental Protection, Banatska 31b, 11080 Belgrade, Serbia
3Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia
*Corresponding author: smrdjan@mocbilja.rs
Received: November 21, 2018
Accepted: December 10, 2018
Published on-line: December 20, 2018
Published: December 25, 2018
The aim of study was to investigate development of perennial medicinal plant, Satureja montana L.,
cultivated in dry farming conditions of South Banat, Serbia, with use of black permeable mulch film.
In the first two vegetations, the influence of fertilization and crop density on yields of the above-
ground plant part (per plant and per m2) and on the content of total essential oil and its major con-
stituents was observed. Overwintering survival, after late performed first harvest, and surviving ratio
by the end of the second year of vegetation were 90.1% and 86.9%, respectively. Ratio between fresh
and dry biomass (2.4:1) was not affected by tested treatments. The yield per plant was affected by the
treatments only in the second year. Higher crop density produced 25% higher yield, while organic
fertilization variant yield was 19% higher. In both years, crop density did not show significant effect
on yield per unit area, while in case of fertilization, this yield was higher in organic fertilization com-
pared to mineral in the first and the second year, 7% and 19%, respectively. The essential oil yields
ranged from 0.8% to 0.9%, with the major constituent thymol (48.3-69.4%), followed by carvacrol, p-
cymene and β-bisabolene. The essential oil yield did not depend on treatments, while the content of
major constituents was significantly affected only by applied crop density.
Key words: winter savory; cultivation; mulch film; fertilization; crop density; herb yield; essential oil
http://dx.doi.org/10.5937/leksir1838051M
1. INTRODUCTION
Winter savory (Satureja montana L.) is a perennial plant species
belonging to Lamiaceae family. It naturally grows in the sub-
Mediterranean area. Genus Satureja counts about 30 species
out of which in Serbia only 9 may be found. Winter savory is a
semi-evergreen subshrub growing to about 50 cm tall with the
lanceolate leaves and pink to white flowers that attract bees.
Leaves and stems of plant are used fresh and dry as a spice
and in traditional medicine as tonics, carminative, astringent
and expectorant (Rzepa et al., 2012). According to Stepanovic
and Radanovic (2011) as a herbal tea, it is used in treating
number of ailments. It’s essential oil is used in food and in
perfume industry alone or blended with other essential oils
(Sefidkon et al., 2004).
According to Slavkovska et al. (2001) S. montana is confusing
from the taxonomic point of view as its high variability is evi-
dent, within a single population polymorphism and especially
in populations coming from distant habitats. Some studies
indicate that composition and yield of its essential oil may be
of different chemotypes due to different climatic conditions in
which the plant may grow and also the stage of plant devel-
opment (Milos et al., 2001; Damjanovic-Vratnica et al., 2011).
According to literature data, the essential oil yield in different
climatic conditions can range from 0.5 to 2.9% (Stepanovic
and Radanovic, 2011; Sefidkon et al., 2004; Milos et al., 2001;
Kišgeci, 2008). In climatic conditions of Serbia the essential oil
yield use to be about 1.5%, with carvacrol, thymol, linalool, γ-
terpinene and p-cymene as major components (Stepanovic and
Radanovic, 2011). Plantations with mulching films are usually
established by planting well-developed seedlings. Nursery
plants require care and various protection measures, especially
against weeds in first years following their transplantation into
the field (Altland et al., 2003). In order to avoid application of
herbicides, alternative weed control methods are preferable.
Physical methods, such as mulching, provide better conditions
for cultivated crop as they reduce weeds and influence soil
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moisture, temperature and structure (Radanovic et al., 2016;
Matkovic´ et al., 2015). In addition, dry farming conditions,
which frequently include extreme environmental conditions
(drought, high summer or low winter temperatures, strong
wind, etc.) imply necessity to define appropriate cultivation
measures which also reduce already observed luck of labor
force (Radanovic et al., 2007). Investing in the application
of mulches appears to be expensive at the beginning, but in
the long-term proved to be effective, as it diminishes use of
pesticides, irrigation and labor. The aim of this study was to
test the efficacy of black “agrotextil” permeable film in dry
farming conditions of South Banat, on the development of cul-
tivated S. montana and to investigate how different fertilizers
and applied crop density affect the crop yield and quality. In
addition, crop density was estimated and monitored during
the whole experiment.
2. MATERIALS AND METHODS
2.1. Locality
Field experiment was established in Pancˇevo (44°52’20.0”N,
20°42’04.7”E), South Banat, Serbia. The major climate type was
temperate continental with annual precipitation of 621 mm
and the average annual temperature of 11.4 °C. An important
characteristic of the climate is southeast wind "Koshava". The
precipitations and temperatures during two years of investi-
gation are presented in Figure 1.
Fig. 1. Climatic conditions during two production years of S. montana
L. in Pancˇevo, South Banat
The soil type was chernozem. Its main properties are given
in Table 1.
2.2. Nursery plants production
The seeds of winter savory used in this experiment originate
from seed collection of Institute for Medicinal Plants Research
"Dr Josif Pancˇic´", Belgrade, Serbia. Nursery plants have been
produced in greenhouse, in pots filled with 0.4 L peat sowing
substrate (Gramoflor). Production of nursery plants started
in February, 2016 and plants were kept in greenhouse until
planting.
2.3. Field experiment
The field trial has been established on 28th May 2016 at ex-
perimental fields in Pancˇevo. Two types of fertilizers were
applied prior to the soil tilling. In the first year as a mineral
fertilizers ammonium nitrate (34% N) was applied in a dose
of 300 kg/ha, and phosphorus-potassium mineral fertilizer
(PK 16:32) in dose of 750 kg/ha, which together accounted
100 kg/ha of N, 120 kg/ha of P2O5 and 270 kg/ha of K2O
of applied macronutrient. In May 2017, the mineral plot was
additionally fertilized with KAN (27% N) in dose of 200 kg/ha.
The organic fertilizer was compost (with total content of NPK
= 1.4:0.5:1.4%) produced in production unit of the Institute for
Medicinal Plant Research "Dr Josif Pancˇic´", Pancˇevo. In the
first production year, compost was applied in a dose of 20 t/ha
and therefore calculated values of nutrients were 280 kg/ha
of N, 100 kg/ha of P2O5 and 270 kg/ha of K2O. In May 2017,
the organic plot was additionally fertilized with liquid organic
fertilizer BioGrow (NPK4:6:3) in dose of 5 L/ha. Following the
application of fertilizers, 1 mm thick black “agrotextil” film
was inserted over subsequently trenched soil, with prepared
holes for nursery plants in accordance to tested crop density
(3.6 and 5 plants/m2). The experimental design was two-
factor block design with four replications. At each fertilization
plot two different density patterns were applied. The rows
(each with 9 plants) were replications, while the independent
variables were fertilizers (levels: mineral and organic) and
crop density (levels: 5 and 3.6 plants/m2). The plots were
arranged according to applied fertilizers. Each fertilization
plot had two different density patterns. Size of one plot was
17.1 m2 (3.8 m × 4.5 m).
2.4. Field measurements
Following transplantation of nursery plants into the field,
number of adopted plants was counted prior to harvest, and
adaptation was expressed in percentages (AP %). Winter sa-
vory was harvested at the stage of flowering. As transplan-
tation of nursery plants was performed at the end of May,
stage of flowering occurred in October with harvest carried
out in 28th October, 2016. In the second production year,
as vegetation season started in April thus stage of flower-
ing occurred in September with harvest performed on 15th
September, 2017. Since the first harvest was late in October,
only four plants from each row in each plot were harvested.
The remaining plants were used to estimate the overwintering
and regeneration of harvested plants (OWR %); for calculation
of this percentage, the number of live plants in the spring
(22 March, 2017) was compared to the number of those from
the first harvest. Also, the number of remaining plants was
counted prior to harvest in the second production year and
expressed in percentages (RP %). In the second harvest, all
plants were harvested. For each plant fresh and dry biomass
was measured (yield/single plant) and moisture loss upon
drying calculated. Also, dry biomass of the aboveground plant
part was calculated in order to present it as a yield/unit area
(yield/m2). Data were statistically processed by analysis of
variance (ANOVA) in STATISTICA 7.0. Multiple comparisons
were performed using LSD test to detect significant differences
between the arithmetic means of yields (P<0.05).
2.5. Herb quality estimation
For quality assessment of produced herbal material, which
included content of essential oil and its major constituents, 12
samples (repetitions) were taken from the middle rows of each
plot, only in the second production year.
2.5.1. Extraction of essential oil
The air-dried plant material of S. montana was submitted to
distillation for 2h in a Clevenger type apparatus according to
Procedure I of the Ph. Jug. IV (1984). The plant material was
previously milled (M-20, IKA Universal mill) and 20 g of it
was placed in a round bottom flask filled with 400 mL of water.
The essential oils were dried over anhydrous sodium sulfate
and stored in tightly closed dark vials at 4 °C until further
analysis.
2.5.2. Essential oil analysis
Identification of essential oil constituents was performed by
Gas chromatography–Mass spectrometer (GC/MS, Varian CP-
3800/Saturn 2200) equipped with split/splitless injector and
DB-5MS column (30 m x 0.25 mm, film of 0.25 mm thickness),
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Table 1. Chemical properties and clay content of the arable soil layer (0 - 30 cm)
pH Al –method
Soil type in H2O in KCl CaCO3 Humus Total N P2O5 K2O Clay content
[%] [%] [%] [mg/kg] [mg/kg] [%]
Chernozem 7.11 5.88 0.42 3.51 0.24 73 445 42.36
using Wiley 7.0 library of mass spectra and by comparison
of the obtained retention indices (RI) with the literature data
(Adams, 2007). The hexane solution of the essential oil (1 mL,
1% solution) was injected in the split-mode (1:20) at injector,
ion-trap and transfer lines temperatures of 250, 250 and 280
°C, respectively. The flow rate of helium as a gas carrier, was 1
mL/min. The column temperature was linearly programmed
from 50 to 250 °C at a heating rate of 4 °C and holding at
250 °C (10 min). Quantitative analysis was performed using
a Gas-chromatography (GC, Agilent 7890A) equipped with
split/splitless injector, HP-5 column (30 m × 0.32 mm, film
of 0.25 mm thickness) and a flame ionization detector (FID).
The method of normalization was used for the representation
of individual oil components presented in chromatograms
after eliminating the solvent peak. The hexane solution of
the essential oil (1 mL, 1% solution) was injected in the split-
mode (1:20), at temperatures of the injector and detector of
250 and 3000 °C, respectively, at a flow rate of hydrogen as
a carrier gas of 1 mL permin. The temperature program of
the column was the same as in the case of GC/MS analysis.
In order to determine the RI values, a mixture of n-alkanes
(C6-C28) was analyzed by both GC-FID and GC-MS under
identical conditions as the essential oils. Essential oil data
were statistically processed by analysis of variance (ANOVA)
in STATISTICA 7.0.
3. RESULTS AND DISCUSSION
3.1. Crop density
Crop density, estimated through the number of adopted plants
(AP %) in the first production year, the number of overwin-
tering and successfully regenerated plants (OWR %) and the
number of remaining plants at the end of second production
year (RP %) is presented in Figure 2.
Fig. 2. Crop density of winter savory in the first and second year of
the experiment
From planting to harvest, 4.6% plants decayed in the first
year (AP %). Since the first harvest was quite later then com-
mon for majority of medicinal plants, as it further may cause
losses due to the freezing during winter, plants overwintering
and regeneration was estimated. For instance, in the same
climatic conditions, following the late autumn harvest, 50 –
90 % loss was recorded for common thyme due its freezing
during winter (Stepanovic´ B. – personal communication). In
our study, loss was 4.7% in harvested part of plots, while in
the non-harvested one was 6.0%; it accounts for 5.3% of the
total loss per plot (Figure 2, OWR %). However, differences in
losses between harvested and non-harvested plot parts and
also within the treatments were not significant, as the treat-
ments and the late harvest did not affect the OWR. The total
loss per plot following the period of relatively cold winter
without snow cover (Figure 2), shows that winter savory suc-
cessfully survived winter in the temperate continental climate
conditions of South Banat, regardless its quite late harvest.
Reduction in number of winter savory plants during first two
production years also proved not to depend on treatments. At
the beginning of the second vegetation, 90.1% of total number
of plants was observed. Even though further loss of 3.2% was
observed by the end of second year of production (Figure 2,
RP %), it was not due to extreme environmental conditions
but associated to other factors (pest, disease etc.).
3.2. Dry biomass yield
The influence of crop density and fertilization on S. montana
yield/single plant and yield/unit area is presented in Table 2.
3.2.1. Yield per single plant
Applied treatments had no significant effect on yield/single
plant in first production year as multiple comparisons be-
tween the arithmetic means of yields didn’t show differences
(Table 2). This data suggests that the amount of nutrients ap-
plied through both fertilization models was sufficient for the
balanced development of plants during first growing season.
Likewise, the space for growing of tested density was suffi-
cient in providing smooth, uniform development of plants
through the first vegetation. Previously mentioned was con-
firmed by visual observation as well. All plants were grown
apart from each other, without touching the side branches
(Figure 3).
Fig. 3. Winter savory on mulch film in tested crop density, during the
first vegetation (August, 2016)
In other studies is also explained how plants, in conditions
where there is no competition for available nutrients in soil
and light energy, have increased vegetative growth (Shalaby
et al., 1997; Hussein et al., 2006). Like in our case, in the first
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Table 2. Comparative presentation of average herb yields of single S. montana plants and yield per unit area, with regard to crop
density and fertilization models in two experimental years
Single plant yield Yield per area
Crop density Fertilization First yeara Second year First year Second year
[plants/m2] [g/plant] [g/plant] [g/m2] [g/m2]
5 Mineral 72.5±10.4 151.1±21.6 b 300.0±98.8 755.3±108.2 ab
Organic 80.9±15.0 178.5±33.2 b 359.4±90.5 892.3±68.5 a
3.6 Mineral 81.4±21.1 186.0±26.5 ab 293.0±76.0 669.6±95.6 b
Organic 80.9±24.9 221.9±28.0 a 274.5±100.7 799.0±100.7 ab
aValues are presented as means ± standard deviation. Values with the same letter in each column showed no statistically
significant difference (P <0.05); Statistical analysis was based on a one-way ANOVA and LSD tests.
year plants are not completely formed and have enough space
for grow. Thus, tested density didn’t make the effect that
showed a difference in impact on yield/single plant. Applied
treatments had significant effect on yield (P<0.05) in second
year and multiple comparisons between the arithmetic means
of yields showed differences in fertilization models and within
organic fertilization model. Also, significant differences were
noticed in tested density (Table 2). In the second year, with fur-
ther growth of plants, larger plants were formed in lower crop
density, density of 3.6 plants/m2, compared to plants grown
in higher crop density, density of 5 plants/m2. Therefore, win-
ter savory in the second year may occupy area greater than
0.2 m2. Before the harvest in September, in the second year,
it was noticed that the plants, grown in higher crop density,
were touching each other with branches throughout its whole
periphery. While plants, grown in lower crop density, were
touching only within the rows and not between the rows, as a
result of higher mid-row spacing (70 cm) (Figure 4). Plants of
winter savory, grown in lower crop density, produced in aver-
age 25 % higher yield per plant in the second year, compared
to plants grown in higher crop density (Table 2).
Fig. 4. Winter savory on mulch film in tested crop density, during the
second vegetation (August, 2017)
In correspondence with our results, increases in fresh and
dry yield/single plant due to a wider spacing was already
reported for some medicinal crops, including lemon balm
(Shalaby et al., 1993), purple coneflower (Shalaby et al., 1997)
and dragonhead (Hussein et al., 2006), but also in some horti-
cultural plants, such as tuberose (Khalaj et al., 2012).
Applied fertilization models in second year have also been
found to affect the yield/single plant. In the organic fertil-
izer model yield/single plant was 200.2 g/plant, while in the
mineral was 168.5 g/plant. Therefore 19% higher yield was
achieved in the organic fertilizer model compared to mineral
(Figure 5). Greater influence of organic fertilization on plant
Fig. 5. Comparative presentation of average yields of S. montana
[g/plant] with regard to fertilization models in two experimental
years; MIN – mineral fertilizer; ORG – organic fertilizer; Error bars
denote standard deviation; means followed by the same letter in same
year are not significantly different at P<0.05
growth compared to mineral can be explained by the min-
eralization of organic fertilizer that becomes intensive in the
second year after application (Ubavic´ and Vojin, 2005). It can
be assumed that moisture preserved under the black mulch
film, only further amplified mineralization in dry farming
conditions, as moister is an important factor for microbial
mineralization of organic matter in soil and movement of nu-
trients towards the root (Mengel and Kirkby, 2001). In the
second year, the summer period was characterized with lack
of precipitation (Figure 1), thus positive effects of mulch film
in preserving soil moisture was recognized. In these con-
ditions, plants became more supplied with nutrients in the
organic fertilizer model than in mineral one, which resulted
in better development of these plants. Used black “agrotextil”
permeable film proved to be effective in preserving moisture
and also in controlling weeds. Studies done on peppermint
confirmed effectiveness of black “agrotextil” permeable film
on yield and weed reduction (Matkovic´ et al., 2015). Positive
effect in use of plastic mulch films on medicinal crops was
reported in other studies conducted in our country as well
(Radanovic et al., 2007; 2016). Loss of moisture upon drying
of harvested aboveground parts of S. montana was estimated
by the ratio between fresh and dry herbal material; it ranged
2.4–2.9:1 in the first and 2.0–2.1 in the second experimental
year, and proved not to be depended on applied treatments.
The average ratio 2.4:1 appeared to be quite lower then a
number of other perennial medicinal plants (thyme, common
yarrow, hyssop, plantain or St. John’s worth), which according
to Stepanovic and Radanovic (2011) ranged from 3:1 to 10:1.
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3.2.2. Yield per unit area
Greater number of plants/m2 in higher crop density compen-
sate for the decreased yield of the individual plants, which
led to statistically identical yield/m2 for tested density in both
growing seasons (Table 2) with a slightly higher yield at crop
density of 5 plants/m2, but without statistical significance.
Other investigations also point out how narrower spacing
results in higher yields of herb per unit area (Shalaby et al.,
1993; Saglam et al., 2004; Balyan and Sobti, 1990; Arabaci and
Bayram, 2004). The influence on fertilization on S. montana
herb yield is presented in Figure 6.
Fig. 6. Comparative presentation of average yields of S. montana
[g/m2] with regard to fertilization models in two experimental years;
MIN – mineral fertilizer; ORG – organic fertilizer; Error bars denote
standard deviation; means followed by the same letter in same year
are not significantly different at P<0.05
In second year, fertilizer models showed significant differences
in achieved yields (P<0.05), which was confirmed by multiple
comparisons between the arithmetic means of yields in differ-
ent models of fertilization. The organic-fertilized plants gave
higher yields in both years (316.9 g/m2 and 845.6 g/m2, re-
spectively) compared to mineral fertilized plants (296.5 g/m2
and 712.5 g/m2, respectively) (Figure 6). As so, in second year,
yield in organic-fertilized plants was higher with statistical
significance, while in first year was higher, but without sta-
tistical significance (19% and 7%, respectively). The lowest
yields were obtained with lower crop density during the first
year in both used fertilization models while in the second year,
the lowest yield was noticed only in the mineral fertilization
model for crop density 3.6 plants/m2 (Table 2). This shows
that application of mineral fertilizers in plantation probably
can’t provide a satisfactory level of nutrition in winter savory
for maximum herb yield. The organic fertilization, in this
respect, provides a better long-term effect.
3.3. Essential oil yield and composition
The essential oil yields (%, v/w) and contents of major con-
stituents, contributing to the essential oil with > 1%, are pre-
sented in Table 3. Analysis of the examined samples of S.
montana essential oil showed that the 10 major identified con-
stituents accounted 90.3 to 95.3% (v/w) of total essential oil
content.
Several studies conducted with S. montana revealed that it’s
essential oil may be of different chemotypes and that the essen-
tial oil yield and composition may depend on several factors.
Damjanovic-Vratnica et al. (2011) observed that essential oil
yield in dry leaves of S. montana wild collected from the central
part of Montenegro, decreases with development of flower-
ing stage; it was 1.9% prior to and 1.1% during the flowering
stage. Similarly, Milos et al. (2001) reported for S. montana
wild collected from different localities in Dalmatia, Croatia,
in stage prior to, during and after flowering, the essential oil
yield ranged 1.6% – 1.9%, 1.2% – 1.8%, and 0.7 %, respectively.
The essential oil yield in our study was evaluated only at
harvest, conducted at the stage of full flowering; it ranged
from 0.8% to 0.9%. Analysis of variance showed that tested
independent variables, fertilizers and crop density, had no
significant effect on essential oil yield. The major constituent
of in all our S. montana essential oil samples was thymol (48.3%
– 69.4%), while carvacrol (6.9 to 15.3%) and p-cymene (3,6 –
13.1%) were the second and the third most dominant oil con-
stituents. The latter two constituents were reported to be the
major in other S. montana oils originating from the neighbor-
ing region. Bezic´ et al. (2005) reported that essential oil from
Biokovo, Croatia was dominant in carvacrol (45.7%) with low
thymol content (3.9%), while Slavkovska et al. (1997) in essen-
tial oil from the gorge of river Beli Rzav reported richness in
p-cymene (47.2%). In our country, recently Elgndi et al. (2017)
also reported richness in carvacrol (57.1%) in oil of S. mon-
tana cultivated in Pannonia lowland (Bacˇki Petrovac, Serbia).
Though according to the most literature data the major com-
pound of winter savory’s essential oil is carvacrol, similar to
our results, some studies done in surrounding countries also
reported thymol as a major compound. Thus, in samples from
Trebinje (Bosnia and Herzegovina) C´avar et al. (2008) found
31.7% thymol and 23.3% of carvacrol, Mastelic´ and Jerkovic´
(2003) in samples from Sinj (Croatia) reported 30.9% of thymol
and 3.8% of carvacrol, while Bezbradica et al. (2005) from Žabl-
jak (Montenegro) reported 33.4% thymol and 28.8% p-cymene.
In addition, Damjanovic-Vratnica et al. (2011) observed vari-
ability in composition of essential oil of S. montana wild col-
lected in central part of Montenegro, depending on time of
harvest; before flowering content of thymol was 37.4% and the
second major constituent was carvacrol, 15.5%, while in the
full flowering stage, thymol was 27.7%, but the second con-
stituent was γ-terpinene, 8.7%. Mihajilov-Krstev et al. (2014)
in samples collected from Montenegro, reported differences in
essential oil composition depending on altitude; contents of
thymol and carvacrol were the highest at the lowest examined
altitude (100 m a.s.l, near the Budva city), 24.7% and 15.2%,
respectively. Difference in chemical composition of this oil
further suggest that geo-climatic parameters of locality where
this plant species is cultivated might affect content of the major
oil constituents, as there were apparent differences in avail-
able literature data. Analysis of variance (ANOVA) showed
that significant difference (p < 0.001) occurred within the con-
tent of essential oil constituents and in interaction constituent
x density (Table 3), while other treatments, beside density,
didn’t affect significantly content of oil constituents. The most
dominant constituent, thymol, appeared in higher content in
the higher crop density regardless applied fertilization model.
The second major constituent, carvacrol, was higher in lower
crop density, in mineral fertilization model, while the third
constituent, p-cymene, was also higher in lower crop density,
but only in organic fertilization model, while in mineral model
showed no deference in content regardless of density. On con-
tent of β-bisabolene, neither of applied treatments showed
effect, although it was slightly higher in organic fertilization
model than in mineral model (Table 3).
CONCLUSION
Preliminary results of the first two production years showed
that winter savory can be successfully grown on mulch in
dry farming conditions of temperate continental climate of
South Banat. According to obtained results, better yields
were archived with application of organic fertilizer; in cir-
cumstances where the surface application of fertilizers is no
more possible following the mulch setting, slow release of
organic fertilizer applied in an appropriate single-dose, defi-
nitely provide better nutritional conditions for cultivated crop.
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Table 3. Yield of essential oil in above-ground plant part of S. montana and contribution of major oil constituents to
total oil, with regard to crop density and fertilization models at the end of second production year
Fertilization/Density
Mineral Organic
5 pl./m2 3.6 pl./m2 5 pl./m2 3.6 pl./m2
Constituents RIa [%m/m] [%m/m] [%m/m] [%m/m]
p-Cymene 1021 7.7 ± 2.6 7.5 ± 4.9 4.7 ± 1.8 9.6 ± 1.0
γ-Terpinene 1055 1.0 ± 1.2 1.8 ± 2.0 0.4 ± 0.3 1.7 ± 1.5
Borneol 1164 1.8 ± 0.3 1.9 ± 0.1 2.1 ± 0.2 1.8 ± 0.2
Terpinen-4-ol 1175 0.9 ± 0.1 0.8 ± 0.1 0.8 ± 0.1 1.0 ± 0.1
Carvacrol, methyl ether 1240 0.6 ± 0.7 0.6 ± 0.4 0.4 ± 0.4 0.5 ± 0.3
Thymol 1291 65.2 ± 2.7 59.4 ± 9.6 66.0 ± 4.4 58.4 ± 2.3
Carvacrol 1298 7.6 ± 0.6 13.0 ± 2.7 10.3 ± 1.6 9.6 ± 0.6
trans-Caryophyllene 1418 1.3 ± 0.2 1.2 ± 0.0 1.6 ± 0.3 1.4 ± 0.1
β-Bisabolene 1504 4.5 ± 0.5 5.0 ± 0.7 5.2 ± 0.2 5.3 ± 0.7
Caryophyllene oxide 1584 1.6 ± 0.2 1.2 ± 0.1 1.8 ± 0.5 1.3 ± 0.2
Total 92.0 ± 0.3 92.2 ± 2.1 93.2 ± 2.1 90.6 ± 0.3
EO yield [%v/w] 0.8 ± 0.0 0.8 ± 0.1 0.8 ± 0.2 0.9 ± 0.1
aKovats retention index relative to C7-C28 n-alkanes on the HP-5MS capillary column
This could also be quite encouraging for further implementa-
tion of organic agriculture in medicinal crop production. The
crop density of 5 plants/m2 compensate lower yield per plant
by higher yields per unit area. However, though differences
were not statistically confirmed in the second production year,
the yield in denser establishment was slightly higher, suggest-
ing trend of increase of yields per unit area in further years,
yet to be confirmed. In addition, the major constituent of in
our S. montana essential oil samples was thymol and denser
crop establishment positively influenced content of thymol.
However, treatments did not affect total essential oil content.
As S. montana is perennial crop, further research will continue
with monitoring the influence of applied treatments in follow-
ing 2-3 production years, in attempt to make an improvement
of its production features, the yield and content and quality of
essential oil.
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